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TIME -TO -START (A) 



"George* I have an order from Seldon 
Fans for a 100 h.p.* 3600 rpm totally 
enclosed motor to drive a fan. They f re 
worried about starting time. Could 
you work out the starting time. We 
have to call them back this afternoon 
and confirm the order. " Kirkland* the 
sales manager* put this question to 
George Boone * one of the design engin- 
eers at Maplectric . * 



*Names in this case have been disguised. 

©1971 by the Board of Trustees of the Leland Stanford 
Junior University, Stanford, California. Written by 
Professor G. Kardos , McMaster University, Hamilton, 
Ontario with support from the National Science Founda- 
tion. 
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TIME-TO-START (A) 



Maplectric was a small electric motor manufacturer with 
about 800 employees. It manufactured a full line of NEMA 
motors and a few sizes beyond the standard. It also manu- 
factured a line of D.C. motors. In production and sales 
it had to compete against the larger manufacturers. Be- 
cause of its vulnerability it could not expect to compete 
with them by cutting prices. Therefore Maplectric devel- 
oped a policy of going after the business in a selected 
area and with specific customers by providing excellent 
service and rapid delivery. Being a small firm they could 
respond more quickly to customer's demands than the larger 
competitors . 

The president and owner did not believe in advertising and 
depended solely on contact through salesmen. He felt that 
for the cost of even a modest advertising campaign, he 
could hire an extra salesman who would bring in more busi- 
ness. This policy could not be disputed for the company 
had grown steadily from its founding, not spectacularly 
but steadily. 

George had joined the firm two years earlier with a Bache- 
lor's degree in mechanical engineering and two years of 
unrelated experience. He and 11 others in the engineering 
department reported to the Chief Engineer. Two of the 
others had engineering degrees roughly the same vintage as 
George's but in electrical engineering. The remainder of 
the staff were draftsmen. 

Everyone worked at the drafting board on the mechanical 
design of the various motors. The work was distributed 
equally among the members of the department based upon 
their availability and proven skills. The electrical de- 
sign of the motors was done by two consultants. As Bob 
Linder, the general manager, said when hiring George, "The 
electrical design can be written down on one sheet of 8-1/2 
x 11 paper, the rest is mechanical." This was literally 
true. The electrical specifications were contained on a 
standard 8-1/2 x 11 sheet crammed with information. 

At Maplectric George had established a reputation for being 
willing and capable of tackling unusual problems in mechanics. 
Therefore, Kirkland naturally brought this problem to him. 

"Why do they need the information?" asked George. 

"They'd like to be able to start the motor directly on 
line. If the starting time is too great they will have to 
use reduced voltage starting to prevent burn out. This, 
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o£ course, would mean a considerable difference in instal- 
lation cost," replied Kirkland. 

Then George and Kirkland got together and established the 
exact specification. A standard 100 h.p., 405 TS frame 
machine was to be used to drive Seldon r s fan which re- 
quired 85 h.p. at 3520 rpm. The motor was a standard 
squirrel cage type: 3 phase, 60 cycle, 440 volts, NEMA 
Design B. The WR2 of the fan was 90 lbs. ft. 2 . The mom- 
ent of inertia in the electrical industry is referred to 
as WR 2 where W is the weight of rotating parts and R is 
the radius of gyration. 

NEMA specifications set industrial standards for electric 
motor configuration and performance (Exhibit A-l) . Typical 
speed torque curves are given in the specification. 

After Kirkland had left, George hauled out the electrical 
specification and drawings for the Maplectric motor. From 
the electric specification he found that their design 
actually had 110% starting torque and 200% breakdown 
torque. The full load speed was 3520 rpm. This was typi- 
cal of the machines designed by one of their consultants. 
The starting torque was higher than specification with 
starting current right on specification. The other consult- 
ant usually designed with starting torque right on speci- 
fication but starting current less than permitted. 

The squirrel cage induction motor (Exhibit A-2) is of 
simple design. The only rotating parts are the shaft 
and the rotor. From the drawings George was able to 
quickly compute that the rotor weight was 317 lbs. with 
an R 2 of 18 in. 2 and shaft weight was 59.4 with an R 2 of 
1.1 in. 2 . Before starting George remembered that he had 
done a similar calculation a year earlier. Thumbing 
through his files he found his calculations. It was for 
a 150 h.p. 900 rpm motor driving a machine with attached 
WR 2 of 1950 lb/ft. 2 but no power required during starting. 
This machine had a rotor WR 2 of 285 lb/ft. 2 

In the previous case it had been a fairly simple calcu- 
lation and he had simplified the problem by calculating 
the upper and lower bounds to the starting time. 

The Seldon calculations would be more difficult than the 
above but it would be worth reviewing this before start- 
in on the Seldon problem. 
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Selection of an electric motor includes 
a choice of motor type and motor de- 
sign, along with a choice of the proper 
size. The objective of informed motor 
selection is to arrive at the safest pos- 
sible installation consistent with mini- 
mum cost, horsepower, and frame size 
for the specified life expectancy, load 
torque, load inertia, and duty cycle. 

Each electrical and mechanical feature 
of a motor is intended for a particular 
type of application. Variations in pos- 
sible combinations of enclosures, mount- 
ings, bearings, installation, and electrical 
characteristics, often seem endless. There- 
fore, selection of the optimum motor 
seems a quite complicated task. This 
is not necessarily so; when all factors 
are considered one best motor usually 
emerges. 

Motor Standards 

Standards for motors fall into three 
general categories: environmental, elec- 
trical, and mechanical. 

Environmental 

Motor manufacturers and standardiza- 
tion agencies have agreed upon a stand- 
ard, or "normal," environment. Most 
motor applications fall within the en- 



velope defined by these standards, and 
all standard off-the-shelf motors are de- 
signed to operate satisfactorily under 
these conditions. The standard environ- 
ment is: 

■ Ambient temperature between 10 and 
40 C. 

■ Altitude not above 3,300 ft, nor below 
sea level, nor in a pressurized or evacu- 
ated space which results in pressure out- 
side these limits. 

■ Installation on a rigid surface. 

■ Location which allows free and un- 
restricted circulation of clean, dry, cool- 
ing air. 

■ Location providing access for periodic 
inspection, lubrication, and maintenance. 



Temperature Rise: The relationship of 
class of insulation, use of service factor, 
temperature rise, and total temperature 
is shown in Table 2. Chapter 2. All 
temperature rises given are maximum, 
and motor manufacturers often supply 
motors well under these limiting figures. 
The user, however, must be prepared to 
cope with the maximum condition. 



Electrical 

Locked-Rotor Current: This is the cur- 
rent which the motor draws at rated 
voltage and frequency when the rotor is 
not turning. Since the installation wir- 
ing, fusing, controls, and power source 
are exposed to this current at the instant 
of starting, the value of the locked-rotor 
current must be known. 

NEMA standards, ANSI standards, and 
the National Electrical Code (NEC) re- 
quire that the ratio of starting kva to 
rated hp be designated on the motor 
nameplate. This requirement applies to 
all a-c induction motors of 1 to 500 hp 
regardless of design, phase, voltage, or 
frequency rating, except polyphase wound- 
rotor motors. These ratings are usually 
given on the nameplate in code form, 
Table 1. 

Mechanical 

Motor performance is best expressed 
by the relationship of speed and torque. 
To apply a motor to a machine or piece 
of equipment, the speeds and torques 
required by that machine must be known. 
When motor speed is plotted versus mo- 
tor torque, performance of the drive can 
be visualized. It is also possible to 
predict how changes in load or torque 
will affect performance. 



Torque: Motors are rated in terms of 
horsepower and speed. From these data, 
full-load torque can be determined by 
T = 5,252 P/N, where T = full-load 
torque, lb-ft; P = power, hp; and N = 
motor speed, rpm. While full-load torque 
is a basic indication of the size of the 
motor, other characteristics (such as 
ability to start a load from rest, ability 
to accelerate a load to full running 
speed, and maximum overload to cause 
an abrupt loss of speed) are important 
and have been carefully defined. 

Horsepower and Speed: The synchro- 
nous speed of an a-c motor can be cal- 
culated from N s ~ 120 //p, where N s 
— synchronous speed, rpm; / = fre- 
quency, Hz; and p = number of poles. 
Thus, a 60-Hz, 4-pole motor has a syn- 
chronous speed of 1,800 rpm. Table 4 
shows the standardized horsepower as- 
signments and synchronous speeds of 
integral-horsepower a-c motors. 

Short-Time Rating: Many motor loads 
are of short duration, or have a differ- 
ent magnitude in each cycle. It may not 
be necessary or economical to use con- 
tinuous-duty motors for these loads. 
Typical short-time loads include cranes, 
hoists, saws, grinders, valve operators, 
and door or window operators. Standard 
short-time duty (intermittent-duty) ratings 
for motors for these applications are 5, 
15, 30, or 60 min. For time ratings 
longer than 60 min, continuous-duty 
motors should be used. 

Enclosures: The enclosure protects the 
vital working parts of the motor, such 
as bearings and windings, from con- 
taminants in the ventilating air. In 
single-phase motors, the governor and 
switching mechanism for the phase cir- 
cuit are also protected. The enclosure 
also protects the operator or the driven 
nachinery from damage if the motor fails. 
Descriptions of enclosures, motor dimen- 
sions, and frame numbers are given in 
Chapter 1. Many variations in enclosures, 
flange mountings, and shaft configura- 
tions have been standardized to be con- 
sistent with the basic open-motor di- 
mensions. 

Standard Frame Assignments: Frame 
configurations for motors have been 
standardized by NEMA, and a standard 
frame numbering system is used. Each 
code number — known as a frame as- 
signment — completely defines the motor 
size and mounting dimensions. Available 
frame asignments for single-speed poly- 
phase motors are shown in Table 5; Table 
6 lists the assignments for single-speed, 
single-phase motors. 



Table 1 — Locked-Rotor kva/hp 
Code Designations* 



Code 


Loeked-Kotor 


Code 


Locked- Koto r 


Letter 


kva/hp 


Letter 


kva/hp 


A 


0-3.15 


L 


9.0-10.0 


B 


3.15-3.55 


M 


10.0-11.2 


C 


3.55-4.0 


N 


11.2-12.5 


D 


4.0 -4.5 


P 


12.5-14.0 


E 


4.5 -5.0 


R 


14.0-16.0 


F 


5.0 -5.6 


S 


16.0-18.0 


G 


5.6 -6.3 


T 


18.0-20.0 


H 


6.3 -7.1 


U 


20.0-22.4 


J 


7.1 -8.0 


V 


22.4 and up 


K 


8.0 -9.0 






From NEMA MG 


1-10.37 


and NEC 



430-7 tt». 

♦Except polyphase wound-rotor motors. 

For motors with dual ratings, the follow- 
ing rules determine the code letter to be 
used : 

Motor Code Letter 

Type Corresponding 
to kva/hp for 

Multispeed 

Variable torque 

Constant torque 

Constant horsepower 
Wye delta, starting on wye 
Dual voltage 

Dual frequency* 60/50 Hz 
Part-winding start 



Highest speed 
Highest speed 
Highest kva/hp 
Wye connection 
Highest kva/hp 
00-Hz kva/hp 
Full-winding 
kva/hp 



EXHIBIT A-l 
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Table 4 — Standard 60-Hz Horsepowers 



and Speeds 


Katlntf (hp) 


Synchronous Speed (rpmj 


V* 


514, 600, 720. 900 


% 


514, 600, 720. 900, 1200 


1 


514. 600, 720, 900, 1200. 1800 


1%, 2, 3, 5, 7V>, 




10. 15. 20, 25 


514, 600, 720. 900. 1200, 1800, 3600* 


30, 40, 50. 60. 




75, 100. 125 


514. 600, 720. 900, 1200, 1800, 3600* 


150 


600. 720, 900, 1200, 1800. 3600* 


200 


720, 900, 1200. 1800. 3600* 


250 


900, 1200. 1800, 3600* 


300, 350 


1200, 1S00, 3600* 


400. 450, 500 


1800, 3600* 



From NEMA MG 1-10.32. 

Synchronous speeds shown in lightface are for polyphase 
motors only; those In Imldfuee are for both single and poly- 
phase motors. 

*Does not apply to polyphase wound-rotor motors. 



Service Factor: This is a multiplier 
shown on the nameplate of general-pur- 
pose motors by the manufacturer. The 
nameplate horsepower rating multiplied 
by the service factor is an indication of 
the total load the motor can successfully 
carry when operated at standard tem- 
peratures, with unrestricted ventilation, 
and with rated voltage and frequency. 
The service factor is 1.15 for integral- 
horsepower motors with Class B insula- 
tion in sizes up to 200 hp (MG l-12.47a). 

When operating loads are above rated 
load and below maximum service-factor 
load, the motor will have an increased 
(but safe) temperature rise. Power fac- 
tor, efficiency, and motor speed will also 
be different than for rated-load operation. 

The service factor provides for those 
continuous loads which are only a few 
percent higher than a standardized horse- 
power rating. For example, a fan design 
may require 5 hp according to original 
estimates. The final production unit may 
require 5.25 hp. An open, general-pur- 
pose, 5-hp motor can still be used to 
handle the load (5-hp motor with a 
1.15 service factor can be loaded up to 
5.75 hp) without injurious overheating. 

When motors are installed at altitudes 
higher than 3,300 ft above sea level (but 
less than 9,900 ft), the service factor 
may be used to compensate for the alti- 
tude. Loading should, of course, be 
nameplate horsepower rating or less. 

Many installations do not have rated 
voltage (and occasionally not rated fre- 
quency) due to power-supply or plant- 
distribution problems. In these cases, 
the service factor may be used to com- 
pensate for actual installation conditions. 
Again, the loading should be nameplate 
horsepower rating or less. 



Table 5 — Frame Assignments for 
Continuous-Duty, 60-Hz, Polyphase Motors 



Killing 
(hp) 


— — —Synchronous Speed (rpml 

36«* 1800 1200 900 

Open TtU'C Open TKFC Open and TEFC 




NA 


KA 


NA 


NA 


NA 


143T 


% 


NA 


NA 


NA 


NA 


143T 


145T 


1 


NA 


NA 


143T 


143T 


145T 


182T 


1% 


143T 


143T 


145T 


145T 


18 2T 


184 T 


2 


14 5T 


145T 


145T 


145T 


184T 


213T 


*j 


145T 


182T 


182T 


182T 


213T 


215T 




182T 


1S4T 


184T 


184T 


215T 


254T 


7 IL 
i 72 


184T 


213T 


213T 


213T 


254T 


256T 


10 


213T 


215T 


215T 


215T 


256T 


284T 


15 


215T 


SWT 


254T 


254 T 


2S4T 


286T 


20 


254T 


256T 


256T 


256T 


286T 


324T 


25 


256T 


2S4TS 


284T 


284T 


324T 


326T 


30 


284TS 


286 TS 


286T 


286T 


326T 


364T 


40 


286TS 


324 TS 


324T 


324T 


364T 


365T 


50 


324TS 


326TS 


326T 


326T 


365T 


404T 


60 


326TS 


3*4 TS 


364TS 


364TS 


404T 


405T 


75 


364TS 


365TS 


365TS 


365TS 


405T 


444T 


100 


365TS 


405TS 


404TS 


405TS 


444T 


445T 


125 


404 TS 


444 TS 


405TS 


444TS 


445T 


NA 


150 


405TS 


445TS 


444TS 


455TS 


NA 


NA 


200 


444TS 


NA 


445TS 


NA 


NA 


NA 


250 


445TS 


NA 


NA 


NA 


NA 


NA 


From MG l-13.«2a and 
NA — Not Asstened. 


13.060. 









Motor loads often fluctuate or fol- 
low a definite pattern of change during 
operation. For example, when a refrig- 
eration compressor starts up, usually 
only a nominal amount of power is re- 
quired early in the cycle. During the 
cycle, motor load increases predictably 
until the cutoff point is reached. The 
margin in the motor capacity represented 
by the service factor allows use of a 
motor with a size smaller than the 
horsepower required during the latter 
part of the cycle. 



Polyphase Motors 

Polyphase motors of three basic con- 
structions are offered by most manufac- 
turers. The most widely used type by 
far is the constant-speed squirrel-cage 
motor. Actually, with this motor, the 
speed varies slightly with load, but 
there is much less variation than there 
is with other sources of mechanical 
power, such as d-c motors and gasoline 
engines. However, multispeed squirrel- 
cage motors provide two or more dis- 
crete speeds. 

A second construction has controllable 
speed over a fairly wide range when 
fully loaded. This is the wound-rotor 
motor. Another type of construction, the 
synchronous motor treated in Chapter 7, 
offers absolutely constant-speed opera- 
tion. 



Table 8 — Locked-Rotor Torque 
of 60-Hz, Design A and B, 
Squirrel-Cage Motors* 



Kitting 


Synch ronou 


a Speed (rpm) 


(hp) 


3600 


1800 


1300 


900 


% 
% 






175 


140 
135 


1 




275 


170 


135 




175 


250 


165 


130 


2 


170 


235 


160 


130 


3 


160 


215 


155 


130 


5 


150 


185 


150 


130 




140 


175 


150 


125 


10 


135 


165 


150 


125 


15 


130 


160 


140 


125 


20 


130 


150 


135 


125 


25 


130 


150 


135 


125 


30 


130 


150 


135 


125 


40 


125 


140 


135 


125 


00 


120 


140 


135 


125 


60 


120 


140 


135 


125 


75 


105 


140 


135 


125 


100 


105 


125 


125 


125 


125 


100 


110 


125 


120 


150 


100 


110 


120 


120 


200 


100 


100 


120 


120 


250 


70 


80 


100 


100 


300 


70 


80 


100 




350 


70 


80 


100 




400 


70 


80 






450 


70 


80 






500 


70 


80 







From NEMA MG 1-12.37. 

*In percent of full-load torque. Per- 
centages are valid for 50-Hz motors, but 
speeds are 5/6 of 60-Hz speeds. 
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Squirrel-Cage Motors 

Torque, horsepower, and speed require- 
ments of a large number of applications 
can be satisfied with one of the four 
NEMA classifications, Table 7. Each de- 
sign offers different torque, speed, and 
current characteristics to meet various 
operating requirements. 

All designs can withstand full-voltage 
starting when connected directly across 
the power lines. They are mechanically 
strong enough to withstand the result- 
ant magnetic stresses and locked-rotor 
torques at the instant the switch is 
closed. Most designs use schematic con- 
nections and standardized lead markings, 
Fig. 1. 

Design A and B motors, in larger 
horsepower sizes and in lower synchro- 
nous speeds, develop lower percent 
torques than do the lower horsepower 
sizes and higher speeds, Table 8. De- 
signs C and D are characterized by 
higher torques in all ratings. Pull-up 
torques, Table 9, are required to be 
higher for smaller-horsepower motors. 

Standard breakdown torques are given 
in Table 10. There is less divergence 
from lowest to highest values in mini- 
mum required breakdown torque for De- 
signs A, B, C, and D than for the locked- 
rotor torques. However, the speed at 
which maximum breakdown torque is de- 
veloped is not the same for each of 
these designs. 

Standard locked-rotor current limits 
are shown in Table 11. Larger mo- 
tors are required to start on less cur- 
rent per horsepower. 

Squirrel-cage motors are built in sev- 
eral classifications according to desired 
characteristics. A division may be made 
according to slip— less than 5% is de- 
fined as low slip, whereas high slip is 
5% or more. 

Low-slip motors are intended for loads 
that are relatively constant and run for 
long periods of time. These are De- 
signs A, B, and C, Fig. 2. High-slip 
motors, NEMA Design D, are intended 
for fluctuating loads, or loads that are 
intermittent, Fig. 3. 

Design A motors have higher break- 
down torques and higher locked-rotor 
currents than Design B; but definite 
limits have not been standardized. Ap- 



Table 9 — Pull-Up Torque of 
60-Hz, Design A and B, 
Squirrel-Cage Motors 



lacked- Kot or 
Torque from 
Table S 



Full-Up Torque 



< 110% > 90% locked-rotor torque 
110 to 145% > full-load torque 
> 145% > 70% locked-rotor torque 



From NEMA MG 1-12.39. 



Table 10 — Breakdown Torque 
of 60-Hz, Design B, Squirrel- 
Cage Motors* 



Hating 

(hp) 


— Synchronous Speed (rpm) — 
3600 1800 1200 900 










225 


% 






275 


220 


1 




300 


265 


215 


1V6 


250 


280 


250 


210 


2 


240 


270 


240 


210 


3 


230 


250 


230 


205 


5 


215 


225 


215 


205 


7% 


200 


215 


205 


200 


10-200 


200 


200 


200 


200 


250 


175 


175 


175 


175 


300-350 


175 


175 


175 




400-450-500 


175 


175 







From NEMA MG 1-12.38. 

*In percent of full-load torque. Percent- 
ages are valid for 50-Hz motors, but 
speeds are 5/6 of 60-Hz speeds. 

Design A motor breakdown torques are 
in excess of those shown. 



plications for these motors must be 
checked carefully because of the high 
locked-rotor current. Quite possibly, spe- 
cial controls may be required for start- 
ing. This motor is suitable for machines 
in which friction and inertia are small 
and starting and stopping are infrequent. 
Typical applications are hydraulic pumps 
and cutting tools such as saws and 
grinders. Customary range of Design A 
ratings is 1 to 500 hp at all speeds. 
Load requirements of typical applications 
fall within the following ranges: break- 
away torque, 40 to 70% of full-load 
torque; accelerating torque, 20 to 50%; 
peak torque, 130 to 175%; load inertia, 
less than motor-rotor inertia. Continuous 
steady-load operation with infrequent 
(less than once an hour) starting or 
stopping is also typical. 

Design B motors have normal starting 
torque and a starting current acceptable 
to most power systems. This design has 
relatively high breakdown torque and 
low slip. These motors are used on 
such applications as fans, machine tools, 
blowers, and centrifugal pumps. They 
will accelerate to full speed any load that 
the motor can start. Customary range 
is 1 to 500 hp at all speeds. Typical 
applications for this motor are those 
having a breakaway torque less than 
50% of rated torque; accelerating or 
pull-up torque requirements of less than 
50%; occasional peak torque require- 
ments not more than 125%; little or no 
torque pulsation; load inertia less than 
motor-rotor inertia; and continuous 
steady-load operation with infrequent 
starting or stopping. This motor and 
Designs A and C satisfy the drive re- 
quirements of about 75 to 85% of all 
motor-driven machines and equipment. 

EXHIBIT A-l 



Table 11 — Lodced-Rotor 
Current Limits for Three-Phase, 
230-v, 60-Hz, Design B, 
Squirrel-Cage Motors 



Rating 

(hp) 


Max lacked- Rotor 
Current (amps) 


Code 
letters 


% 


30 


R 


% 


25 


P 


1 


30 


N 


1% 


40 


M 


2 


50 


L 


3 


64 


K 


5 


92 


J 


7% 


127 


H 


10 


162 


H 


15 


232 


G 


20 


290 


O 


25 


365 


G 


30 


435 


G 


40 


580 


G 


50 


725 


G 


60 


870 


G 


75 


1.085 


G 


100 


1.450 


G 


125 


1.815 


G 


150 


2,170 


G 


200 


2.900 


G 


250 


3,650 


G 


300 


4.400 


G 


350 


5.100 


G 


400 


5.800 


G 


450 


6.500 


G 


500 


7,250 


G 



From NEMA MG 1-12.34 and NEC 
430-7 (b). 

Locked-rotor current ot motors designed 
for other than 230 v are inversely pro- 
portional to the voltage ratio. 

Design A motor locked-rotor currents 
may be In excess of those shown. Limits 
shown apply to Design C motors from 3 
to 200 hp and to Design D motors from 
% to 150 hp. 
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Torque (% of full load) 



Fig. 2 — Speed-torque curves for Design 
A, B, C, and D squirrel-cage motors 
rated at 20 to 30 hp. 

Design C motors have a high starting 
torque and a normal breakdown torque. 
Typical applications for this design are 
machines in which breakaway loads are 
high at starting, but which normally 
run at rated load and are not subject 
to high overloads after running speed 
has been reached. Compressors that are 
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not unloaded at start, plunger pumps, 
and many types of conveyors are typical 
examples of such machines. Ratings 
range from iy 2 to 200 hp at 1,800 
rpm; slightly lower horsepower at 1,200 
and 900 rpm. Typical applications for 
this motor have load requirements in the 
following ranges: breakaway torque, 100 
to 150%; accelerating torque, 75 to 
125%; peak torque, 130 to 150%; load 
inertia, less than motor-rotor inertia; in- 
frequent starting or stopping. 

Design D motors develop high starting 
torque with moderate starting current. 
These motors also have over 5% slip, 
so that the speed can drop when fluctuat- 
ing loads are encountered. Manufac- 
turers have found it practical to sub- 
divide this design into several groups 
which vary as to amount of slip (5 to 
8%, 8 to 13%, etc.), or as to the shape 
of the speed-torque curve, Fig. 3. Typi- 
cal applications for this motor are ma- 
chines in which heavy loads are sud- 
denly applied or removed at frequent in- 
tervals. Examples are hoists, cranes, 
punch presses, centrifuges, extractors, 
and machines with flywheels. 




40 



Ol 



!20 



8-l3%slip- 
_over 13% slip 
5-8% slip — 



°0 50 KX> 150 200 250 300 
Torque (% of full load) 



Fig. 3 — SpeecUtorque relationship for De- 
sign D squirrel-cage motors. 



torque for starting — but no more. 

Because this much performance is 
specified for the user, it is customary 
for the motor manufacturer to exceed 
the minimum values (such as torques) 
and fail to take advantage of the maxi- 
mum values (such as slip or currents 
or temperature rise) in the furnished 
motor. By this arrangement, the user 
is assured of a definite performance and 
the manufacturer can arrange his designs, 
manufacture, and test limits to satisfy 
the user. 

Required characteristics and functions 
of the load or driven machine which 
must be known for correct motor selec- 
tion and application are: 

Horsepower: The required horsepower 
should be a realistic value. Often, horse- 
power requirements increase as the driven 
machine becomes worn. Expected wear 
in parts or variation because of a change 
in lubrication efficiency between mainte- 
nance periods should be considered and 
averaged for the life-expectancy of the 
machine when determining horsepower. 

Speed: In general, higher-speed motors 
are smaller and less expensive. For this 
reason, many machines have arrange- 
ments of belting, gearing, or other speed- 
changing drives so that the drive motor 
may be chosen from the less expensive 
and more readily available 3,600, 1,800, 
or 1,200- rpm speed classes. 

Load Variations: Many machines have 
continuous loads over long periods of 
use, such as fans or blowers. Other 
machines have wide variations in running 
load, such as deep-draw presses which 
have a flywheel. Often, the flywheel 
supplies the energy to do the work and 
the motor merely restores lost energy to 
the flywheel. Whether the load is steady, 
varies from piece to piece, follows a 
repetitive cycle of variation, or has pul- 
sating torques or shocks must be con- 
sidered. 



batches of material, the purpose of the 
machine is to separate and remove cer- 
tain unwanted material during the work 
cycle. This reduces the load inertia. 

Breakaway Torque: This is the sum 
of the static friction torque of the load, 
plus the kinetic friction torque (or the 
torque required at very low speeds) of 
the load. The static-friction torque of 
the load is a result of all the machine 
and motor friction losses, such as losses 
caused by any pistons and valves, and 
pressures which may remain in com- 
pressor cylinders. Kinetic friction is that 
due to the inertia of all the parts which 
must be started from rest and given 
momentum. Machines which are subject 
to accumulations of dirt and ice — or 
have poor maintenance or lack of lubrica- 
tion — have higher breakaway torques 
than clean, well-lubricated machines. This 
factor should not be underestimated. 

Frequency of Starting or Stopping: 
Since starting energy is so much higher 
than steady-state operation, this is an 
important consideration for overheating. 
Many fans and blowers are allowed to 
run continuously for hours or days, 
whereas automatically controlled com- 
pressors and pumps start a number of 
times per hour. Frequently, machine-tool 
motors have many starts or stops per 
minute. 

Starting-Current Limitations: In many 
motor applications, the amount of avail- 
able starting current is limited. Usually, 
limits are set by the utility supplying 
power, but inadequate wiring and fusing 
may also limit starting current. 



Selection Factors 

To properly select a motor, certain 
facts about both the motor and the 
application must be known. All NEMA 
limits in the curves and tables of this 
chapter are expressed in terms of the 
application or load limit. For example, 
if a 30-hp, 230-v motor is to have a 
maximum locked-rotor current of 435 
amp and a minimum locked-rotor torque 
of 135 lb-ft (1,800-rpm motor), the mo- 
tor user must provide for no less than 
435 amp and may demand 135 Ib-ft 



Peak Loads: The largest expected 
momentary or short-time overload for 
the driven machine should be determined. 
For low-slip motors, this overload is 
usually expressed in percent of normal 
horsepower. For machines which are 
driven by high-slip motors, this ratio 
should be expressed in percent of torque 
rather than horsepower. 

Machine Inertia: Not only should the 
inertia of the driven machine and the 
proposed motor be known, it is im- 
portant to also know if the inertia 
changes during the work cycle. For 
example, in some extractors handling 
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Ball Bearings— 
single-shielded type 



Ventilating Fan— 
shaft-mounted 



Rotor Dynamically 
Balanced— 

standard balance 
limit— .001" 



Bearing Brackets- 
cast iron, structural ribbing 



Die-Cast Aluminum Rotor Insulation— 

full Class B system 



Rabbet Fit- 
assures true annular air gap 



Loading Spring 

Washer- 
controls end-play 




Through -Type 
Ventilation 



Frame— cast iron, integral feet 

Slot Cells— 

MYLAR*— With Cuffed ends 'Trademark of E. I. du Bpnt 
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TIME-TO-START (B) 



George Boone reviewed his calculations from a year 
earlier (Exhibit B-l). He had simply added the WR 2 
of the load to the WR of the motor itself. In this 
case the motor was started at no load. All the 
motor torque would be used to accelerate the machin- 
ery. He had simply assumed that the torque was con- 
stant throughout the start up time, first equal to 
running torque, then equal to maximum torque. He 
established that the unit would be up to full speed 
between 3-1/2 to 7-1/2 seconds. 

George now turned his attention to the problem at hand, 
the Seldon fan motor. The calculations could be car- 
ried out in a similar manner except that the fan would 
be drawing power while it was accelerating. He did 
not know speed-torque characteristics for the fan 
but he knew it was not linear. It was going to be 
some power function of the speed. 

Because an answer was needed in a hurry he did not 
want to waste time on speculation as to the exact 
speed-torque characteristics of the fan. George de- 
cided to assume that the torque required was propor- 
tional to speed. This should give him a final result 
on the conservative side. 
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TIME-TO-START (C) 



To determine the starting time for the Seldon fan 
motor George Boone approximated his fan speed torque 
curve by a straight line, zero start and 85 h.p. at 
3520 rpm. He plotted this relationship and the ap- 
proximate speed torque curve for the motor on squared 
paper (Exhibit C-l). He estimated the motor speed 
torque curve using locked rotor torque, breakdown 
torque , full load torque and zero torque at synchron- 
ous speed. 

Visual examination of these two speed torque curves 
fortunately showed that the torque available for 
acceleration was approximately constant. Therefore, 
by determining the area between the curves he arrived 
at an average acceleration torque. He used this aver- 
age torque and found the starting time was approximately 
10 seconds . 

Consultation with the motor designers told him that 
there was no probability of motor burn out during 
this time, George therefore called Kirkland and 
passed the information to him. Kirkland was able to 
confirm the order with Seldon the same afternoon on 
which the inquiry was made. 

George was aware that there were some severe approxi- 
mations and said to himself that some day when he had 
free time he would look for a more accurate method. 
Of course other things became more pressing and he 
never did. 
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INSTRUCTOR'S NOTE 
Time-To-Start 



This case is intended to be used as a case problem in 
the context of a real engineering situation. It shows 
the application of the elementary mechanics of ro- 
tating bodies. It should also give some insight into 
the characteristics of induction motors. 

The case has been broken into three parts. Each may 
be assigned in such a manner as to lead the student 
through the various stages of analysis. 

1. An upper and lower bound solution 

2. Graphical approximation solution 

3. A more exact pricewise integration not 
covered in the case. 

The case can be used to show that the degree of sophis- 
tication of the model can be tailored to the specific 
requirements . 

The instructor may assign or demonstrate to the class 
the more exact solution by a more detailed analysis of 
the problem. This type of problem is discussed in 
"Engineering Analysis" by Ver Planck and Teare, pub- 
lished by John Wiley and Sons, Chapter 5. The technique 
illustrated can be applied to the problem in the case. 

The results of the more exact analysis can then be used 
to evaluate the accuracy of George Boone's various ap- 
proximations . 

If students are required to work all three methods they 
can ge given an opportunity to measure the time involved 
in mastering and solving the problem at the different 
levels of accuracy. 
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